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Abstract 
For the fabrication of high efficiency solar cells a full electroplated metallization process is beneficial. In this paper 
light induced plating (LIP) of thin Nickel seed layers and subsequent Silver metallization has been processed. The 
antireflective coating is opened by laser chemical doping (LCP). The subsequent front contact was formed by a 
Nickel/Silver stack deposited by light induced plating. To make electroplating industrial feasible high deposition rates 
are required. However, high plating rates can influence specific conductivity and uniformity in a negative way. Thus, 
the line conductivity which is strongly determined by the homogeneity and the morphology of the plated fingers was 
investigated. To improve these limiting factors the effect of current density and organic additives was investigated in 
terms of finger resistances and microscope pictures. In order to achieve a good uniformity and conductivity on thin 
fingers, an organic additive which acts as leveling agent was applied. This leveler inhibits electrodeposition in areas 
of high electrical field. Therefore, different textures, plating rates and concentrations of leveling agents are compared.  
Furthermore, different methods for interconnection of electroplated solar cells are discussed. In terms of adhesion, the 
first results show that bonding of the electroplated busbars is most suitable for interconnection. With bonding, a peel 
of strength of more than 1,5N on the whole area can be achieved. Also, the relative efficiency loss of  bonded cells is 
in an adequate range with 1.8%. 
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1. Introduction 
The implementation of the selective emitter technology is one of the most attractive changes for 
industrial silicon solar cell manufacturing. Currently, there are several selective emitter concepts available 
which are compared in [1]. Most technologies are using screen printed front contacts which have to be 
very precise aligned to avoid shunting while only two of them are based on a self aligned metallization by 
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electroplated front contacts [2,3]. However, simulation made with GridSim and PC1D showed an 
expected efficiency gain of 0.4% by changing a screen printed into a full plated solar cell [3] by means of 
lower contact resistance, higher conductivity of the finger, less shading and a better finger geometry as 
well [4]. Nevertheless, the implementation of this beneficial process step into a production line requires 
more efforts beside higher efficiencies. On the one hand direct plating has to overcome the ghostplating 
or overplating on the anti reflection coating (ARC); on the other hand sufficient adhesion after tabbing 
needs to be confirmed on module level to reach a production yield suitable for the industry. 
2. Conformity of silver deposition  
In order to investigate influences on the electrodeposition process, different kind of textures like 
alkaline (c-Si), acid (mc-Si) and reactive ion etch (mc-Si) were used. For the challenge to achieve an 
industrial application level only sufficient high current densities were applied. Under these circumstances 
electrodeposition on small finger structures will reach limiting current density, jlim, (Fig. 1), where peaks 
like texturing tips are favored for metal ion deposition (Fig. 2). At the edge of the fingers, where electrical 
field lines are crowded and mass transport is enhanced, more metal ions are available than in the center of 
the finger (Fig. 2) which results in local higher plating rates. To avoid this problem lower current 
densities can be used (lower than jlim) which induces a more uniform deposition. Another possibility is the 
use of a leveler in the electrolyte. The leveler inhibits the plating rate at highly reactive sites (e.g. 
texturing tips) to avoid the so called bone effect.  
 
 
 
Fig. 1. various regions of kinetic control of idealized steady state current density versus electrode potential curve for metal 
deposition (e.g,. copper) .[5] 
 
Fig. 2. growth mechanism on finger structures with different current densities, with and without leveling agents in the electrolyte.  
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2.1. Influence of Texture on Ag light induced electrodeposition 
Laser microscopic pictures and cross section profiles of a Ni/Ag electrodeposited contact finger on 
acidic texture and mono alkaline texture are shown in Fig. 3. Both fingers are electrodeposited at a current 
density of ~ 3 A/dm². The low roughness of the acidic texture compared to the alkaline texture results in a 
better plating geometry.  
 
 
 
Fig. 3. Laser Microscope pictures (top) and cross section profiles (bottom) of Ni/Ag electrodeposited contact finger on  (a) acidic 
texture and (b) mono alkaline texture (right). 
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2.2. Silver conductivity  
The silver conductivity of the electrodeposited cells was analyzed by measuring the bus to bus 
resistance. It is suggested that the RBB is a good figure of merit to analyse the quality of the front grid. 
Due to the direct influence of the electrodeposited silver amount on the finger resistance, RBB can be 
easily used to optimize electrodeposition. Fig. 4. shows the RBB value multiplied with mass of 
electroplated Ag over two current densities of 1.5 and 3 A/cm² and different amounts of leveling agent.  
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Fig. 4. Bus to bus resistance multiplied by the mass of Ag for a current density of 1,5 and 3 A/dm² and different concentrations 
of leveling agent.  
 
By comparing these groups, the finger resistance achieved at low current density is lower than at high 
current density. The medium concentration of leveling agents performs in terms of silver conductivity 
slightly better than without or with high concentration of the leveler. However, high amounts of leveling 
agent cause codeposition of organic additives which finally reduce the specific silver conductivity [6]. 
Thus it is required to consider specific conductivity in terms of cost reduction and cell efficiency in 
parallel [7]. 
 
3. Interconnection of electroplated cells  
The requirement for interconnection of electroplated solar cells is quite different than for screen 
printed solar cells. After manual soldering an electroplated cell using a standard ribbon without pre- and 
post heating sequence only very low peel of forces were measured. The adhesion loss was determined to 
occur within the metal stack. The measurements are performed using a “GP Pull tester” with an angle of 
90°.  
However, a sticky tape test with “Tesafix” on the same type of cell adjusted to the busbar width 
achieved a peel of force of more than 1.5N while the metal remained on the cell. Due to the chemical 
impact of soldering flux and the difference in thermal expansion new low thermal connecting techniques 
were investigated. Beside an adhesive ribbon technology also two bonding methods were tested to 
connect the ribbons to the busbars. While for the adhesive ribbon technology only low pressure was 
sufficient to connect the cells, bonding methods also require a thermal treatment. Both technologies 
enabled to connect cells and ribbons at low temperatures. The measured adhesion forces of the different 
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interconnection techniques are shown in Fig. 5 and match to the requirements needed for the module 
integration in terms of absolute adhesion force. Out of these results we expect thermal gradients and 
different expansion coefficients to be the limit factor for sufficient peel off forces after applying manual 
ribbon soldering. Nevertheless, influences of ribbon, flux, pre and post heating are currently investigated 
which are expected to have large influences on the final ribbon cell adhesion. 
 
0 20 40 60 80 100 120
0,0
0,5
1,0
1,5
2,0
2,5
 
 
 Glue
 Boding A
 Bonding B
Fo
rc
e 
90
° 
[N
]
distance [mm]
 
Fig. 5. Pull off force strength results of the different interconnection techniques measured with the GP pull tester.  
The electrical solar cell parameters are measured after cell processing and subsequent interconnection 
with the ribbon to evaluate the electrical losses introduced by this step. While no relative loss after 
applying the tabs was observed for VOC and JSC a slight changes for FF were seen. 
 
Table 1. Relative loss in cell performance measured before and after the interconnection process 
Connection Typ Voc Jsc FF Eta
Glue 0,0 0,3 1,8 1,8
Bonding A 0,2 1,4 5,7 6,8
Boding B -0,2 0,0 2,6 2,4  
 
A further important effect was observed from interface investigation which showed that adhesion of 
bonded tabbings is nearly the same on silicon nitride as on the plated areas. In the case of excellent 
contact between all fingers and the ribbon further the perspective to reduce metal cost by leave out 
busbars for a front grid design is important. This challenge was investigated by applying type B bonding 
on solar cells with standard busbars (32 fingers of 60μm), reduced busbar areas (4 fingers of 60 μm) and 
cells without busbar metallization. After bonding the electrical cell performance was measured and 
compared to the fill factor of the reference group with the fully plated bus bar which was also measured 
before applying the tabs (Fig. 6).  
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Fig. 6. Relative loss in fill factor measured before and after applying the tabs  
The fill factor loss without the busbar is not as high as assumed, which may predict that with a good 
parameter adaption of the bonding process a low FF loss without a busbar is possible. Leaving out the 
busbar on the front side and on the backside as published by [8] will highly reduce the cost per wafer.  
4. Outlook 
This paper presents how to improve the electroplating process to achieve a highly conductive 
electroplated front side grid by adjusting electrolyte parameters and plating setups. For this optimized 
electroplating process also results from applying alternative interconnection schemes with sufficient 
adhesion and promising electrical loss are obtained. 
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